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Display device 



^ ■ ntinn relates to a display device comprising a matrix of picture 
The invention relates xo <i uiap j .i^-ntcto 
u u ^™ electrodes are connected via switching elements to 
electrodes on a substrate, which picture electrodes are 

drive electrodes for presenting drive signals. compu ters, but also 

Such active matrix displays are used in laptop and desktop compu 

in, for example, TV and video applications. 

F oruseofthesedisplays,researchhasbeendoneforsometimeon 

3 this patent, a separate structured layer ot g PT ,d it is necessary to deposit either the 

,oprov r^i^.**^^^ 

extra masking step is necessary- reor oducible manner. 

I5 ^Uyproc^dssofas.to.e.chingUnotveryw.l.po^-.a.produc 

lt is , ^ ah, an object of.be present — «o obvia* the above- 

inv ^oa is charact=nzedm*a.*«a iS playd=vcoco m pns=sa 1 a y orofor g 

20 accommodating a plurality of etching dements. 

According to the invention, the switchmg elements can be realtad tn 

I materials with the switching elements being mtrtnally tnsnlaed «t 

• t.iv 1 50 °C so that there are substantially no size changes. 
^ K ^L lbodimentofadisp.aydeviceaccnrdhtgrodteinvendonis 
c— ^mesob^compnsesauyeroforganicsemi— rma^nala. 
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least at the area of the switching elements and the picture electrodes, and the display device 
comprises means for supplying at least one electrode, which, viewed perpendicularly to the 
substrate, substantially completely surrounds a picture electrode, with such a voltage that 
layers of organic semiconductor material at the area of switching elements and associated 
5 picture electrodes are substantially completely insulated from each other. The electrodes 

(guard lines) for a plurality of pixels are connected, for example, in an electrically conducting 
manner to an electrode which surrounds the complete picture surface and which is supplied 
with such a voltage during use that the semiconductor areas below (or above) the electrodes 
are insulating. The electrode may also be connected to a gate electrode of a TFT transistor in 
1 0 a matrix display. Since in a matrix of pixels only one row is selected at a time, the 

semiconductor areas below the gate electrodes are non-conducting during non-selection of 
the relevant row and constitute the desired insulator. By connecting the electrode to a gate 
electrode of a field effect transistor for a pixel in an adjacent row, a greater effective pixel 
surface is obtained. 

1 5 If desired, said electrode may be provided as a pattern of guard lines 

underneath the semiconductor layer, with the pattern coinciding, for example, partly with that 
of the gate electrodes. In that case, the leakage currents are substantially completely 
eliminated. If necessary, said pattern may function as a black mask. The leakage currents 
may also be reduced by giving the gate electrode and said electrode meshing comb structures. 

20 Also the reverse structure (guard lines above and gate electrodes below the semiconductor 
layer) is possible. 

Another embodiment of a display device according to the invention is 
characterized in that the layer of organic material comprises organic semiconductor material 
surrounded by insulating organic material at least at the area of the switching elements. In 

25 this case, the insulating organic material is obtained by selectively illuminating a polymer 
semiconductor material (for example, polythenylene vinylene (PTV)) locally with UV 
radiation by means of a mask so that it changes into insulating organic material. In this 
respect, it is to be noted that insulating the channel part for single TFT transistors is described 
in example 11 of USP 5,854,139. 

30 Since depolarization may occur when using plastic substrates, polarizers are 

preferably used as substrates. It is alternatively possible to choose electro-optical effects at 
which no external polarizers are used such as, for example, PDLC. 

These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 
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in Fig. 6, 



In the drawings: 

Fig , .aptaviewofa^of^spuydevicaccordtag^fc-enuo.. 
Fig 2 is a diagrammatic erosion taken on the line 1I-H m F.g. 1 , 
Figs. 3 and 4 show possible configurations of a metallization pattern. 
Fig 5showsadetailofavariantofFigs.2,3, 
Fig eshowsanomerpoasibleconiigurationofameulttzntionpattem, 

Fig. 7 is a crosa-section of a display device, associated with the pattern shown 

Fig 8 shows a part of a variant of Fig. 7, 
Fig. 9 is a plan view of a part of another display device according to the 

invention, while ^viVTinFic 9 

Fig. 1 0 is a diagrammatic cross-section taken on the line XI-XI in Fig. 

during its manufacture, and . 9 

Fig 1)is acr.ss.sectio„ofadisplaydevice,ud=enonmelmeXl.XImF,g.9. 

Tic Hgurea a* diagrammatic and not draws, to scale. Correspondmg 
components are generally denoted hy the same reference numerals. 

Fig 1 isaptaviewofapartofamamxofpixe.s.rdFi^isacross.secdon 

, , A conducting pattern 3, 4 of, for example, 

of a liquid crystal display device based thereon. A concur gp 
ainmilm or another suitabie conducting materia, such as, for examp.e, polyanhne (PAND 

and also gate Cecttodes y a, the .ocations of transistors 5. The conducun pattern 4 . 
led 1 an iterating layer 6 which is pranarized in mis examp.e. ht tins examp^an 
org anic insuring .ayet of, for examp.e, po.yviny.pheno, (PVP, is used, crosahnxe d wtth 
ilneftoxymemylmeramin = (HMMM, *eh is optica.., tt^amnt Osl^^s ' 

cdgl of the picture Cectrodes 9 are denoted by dot-and-dash ,i„es . . m F.g. 0 amp^t 
on tire organic bating layer «• 0- continuous ,ayer of orgame -'-™^ 10 
is provi ded on me assemb.y. Examp.es of organic semiennducung matenaU am, tnmr * 

, Jy^les, polypheny.^ 

£H (denotedby reference numeral 5 in Figs. ,, 2) which am dnven v.* S*e 
Cecmodes 3' am thus formed at the area of juxtaposed somce and dram comactt T^Tfc^ 
Uver of organic semiconductor materia. .0 ts coared with an insu,attng layer .2. The 
m.7.1.9-.— by^ptovidmgadoub.etayeaoftndtum 
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tin oxide and metal and patterning this layer so that the double layer is maintained at the area 
of these contacts and electrodes 7, 8, 9. Subsequently, the metal is etched selectively, so that 
the picture electrodes 9 are free. 

In the TFT transistors, the voltage at the gate electrodes determines whether 
5 there is conduction or no conduction between source and drain. In this example, with the p- 
conductivity type of the semiconductor material, the gate area is depleted with a positive 
voltage at the gate electrodes relative to the source or drain electrodes. 

According to the invention, each pixel is substantially completely surrounded 
by an electrode 4 which, at a sufficiently positive voltage of the gate relative to the 
1 0 source/drain, causes depletion in the superjacent part of the semiconductor material. To this 
end, the ultimate device of Fig. 2 may be provided with a special voltage source. In this way, 
the different pixels can be mutually insulated without having to etch the semiconductor 
structure. 

In this example, a black mask 1 3 which counteracts the influence of incident 
15 light on the transistor action is present on the insulating layer 12. Furthermore, the liquid 
crystal display device comprises a second substrate 16 provided with a counter electrode 17, 
while in this example the display device is provided in generally known manner with 
orientation layers 14 and a liquid crystalline material 15 which, if necessary, may be 
polymerized. 

20 In this example, the picture electrode overlaps the (previous) address line (gate 

line) with which and with the intermediate insulating material it forms a storage capacitance 
C st in generally known manner, which may even be increased by providing this above the 
mask 4. 

Although the device may be provided, as usual, with one or more polarizers, a 
25 polarizer is preferably used as a substrate so as to prevent depolarizing effects, or an LC 
effect (or another electro-optical effect) at which no external polarizers are used. 

Fig. 3 shows how the metallization pattern (guard line) 4 substantially 
completely surrounds a picture electrode 9, which is shown diagrammatically, but also 
reduces the effective pixel surface. Fig. 4 shows an alternative in which the two masks 3, 4 
30 are integrated, as it were. Each guard line is then connected to the previous gate line. In this 
case, the first row of pixels must be connected to an extra (dummy) line. When a row is being 
written, a small leakage current may flow for some time to picture electrodes of the 
subsequent row to be selected. Since this row is written immediately thereafter, at which the 
voltage on the previous row has a sufficient blocking voltage, this effect, averaged through a 
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frame period, is negligible. In both cases, the leakage paths (possible current paths between 
the columns 3 and the picture electrodes at the areas 1 8 shown diagrammaucally) can be 
extended by giving the gate lines and the guard lines meshing structures, as is shown in Fig. 
5. 

5 Fig. 6 shows a structure in a plan view of a conductor pattern (guard line) 4 

which substantially completely surrounds a picture electrode 9 shown diagrammatically. The 
guard line 4 is directly present on the substrate 2. The TFT transistors at the area of the 
source and drain contacts 7, 9, which are driven via the gate electrode 3, are present on an 
extra insulating layer 19 and are shielded thereby from incident light. Other reference 

10 numerals have the same significance as in Fig. 1. As compared with the device of Fig. 2, an 
extra masking step is now necessary. However, by dimensioning the guard line 4 in this 
example in such a way that it also forms a black mask 1 3, a masking step can be omitted 
again. 

In the example of Fig. 6, 7, two insulating layers 6, 19 are present between the 
1 5 conductor pattern (guard line) 4 and the layer 10 of organic semiconductor material so that an 
extra high voltage is necessary to cause depletion in the superjacent part of the semiconductor 
material. In the variant of Fig. 8, this is prevented by providing the electrode configuration 6, 
8, 9 (source, drain, picture electrode) directly on the insulating layer 1 9 and to provide this 
layer with a layer 10 of organic semiconductor material, and by subsequently providing the 
20 insulating layer 6 as well as the gate electrode 3. Such a "top-gate configuration" may also be 
used in the device of Fig. 2 instead of the "bottom-gate configuration" shown in this Figure; 
in that case, the conductor pattern 3, 4 is on top of the layer 10 of organic semiconductor 
material. 

Fig. 9 is another plan view of a part of a matrix of pixels, and Fig. 1 1 is a 
25 cross-section of a liquid crystal display device 1 based thereon. A conducting pattern 3 of, for 
example, polyaniline (PANI) aluminum, chromium or another suitable material is provided 
on a (plastic) substrate 2. In this example, the pattern 3 comprises row electrodes and gate 
electrodes 3' at the locations of transistors 5. The conducting pattern 3 is coated again with an 
insulating layer 6 of, for example, polyvinylphenol (PVP), crosslinked with hexamethoxy 
30 methylmelamine (HMMM) which is optically transparent. Again, column electrodes 7 which 
comprise source contacts 7 and drain contacts 8 contacting picture electrodes 9 (the edges of 
the picture electrodes 9 are denoted by broken lines 1 1 in Fig. 9) are present on the organic 
insulating layer 6. One continuous layer of organic semiconductor material 10 is provided on 
the assembly, so that TFT transistors (denoted by braces 5) which are driven via the gate 
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electrodes 3' are formed at the area of juxtaposed source and drain contacts 7, 8. The layer of 
organic semiconductor material 10 is subsequently converted locally into organic insulating 
material 21 . To this end, the layer 10 is illuminated with UV radiation 22 via a mask 20 (Fig. 
10), with the organic semiconducting material 10 becoming insulating at the illuminated 
areas. The contours of the mask 20 used are denoted by dot-and-dash lines 20 in Fig. 9. In 
this case, only the area near the TFT transistors is still semiconducting but this is not strictly 
necessary as long as different TFT transistors are mutually insulated by the insulating parts 
21 . Other reference numerals in Fig. 11 have the same significance as in Fig. 2. 

The invention is of course not limited to the examples shown. For example, 
reflective display devices may also be realized by starting from non-transparent substrates 
and by forming the picture electrodes as reflecting electrodes. For example, aluminum is then 
chosen as a material for the picture electrodes. A double layer is then not necessary for 
providing the column electrodes 7 (and the source and drain electrodes 7\ 8) and the picture 
electrodes 9. 

In summary, the invention relates to a display device based on an active 
matrix, in which switching elements are formed in a layer of organic semiconductor material, 
which switching elements are mutually insulated via depletion areas or insulating areas in the 
same layer of organic semiconductor material. 
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CLAIMS: 



1 . A display device comprising a matrix of picture electrodes on a substrate, 
which picture electrodes are connected via switching elements to drive electrodes for 
presenting drive signals, characterized in that the display device comprises a layer of organic 
material accommodating a plurality of switching elements. 

5 

2. A display device as claimed in claim 1 , characterized in that the substrate 
comprises a layer of organic semiconductor material at least at the area of the switching 
elements and the picture electrodes, and the display device comprises means for supplying at 
least an electrode, which, viewed perpendicularly to the substrate, substantially completely 

10 surrounds a picture electrode, with such a voltage that layers of organic semiconductor 

material at the area of switching elements and associated picture electrodes are substantially 
completely insulated from each other. 

3. A display device as claimed in claim 2, characterized in that the electrode 
15 comprises a gate electrode of a field effect transistor for connecting a pixel in an adjacent 

row. 

4. A display device as claimed in claim 2 or 3, characterized in that the electrode 
completely surrounds a picture electrode. 

20 

5. A display device as claimed in claim 4, characterized in that the electrode 
forms a black mask. 

6. A display device as claimed in claim 1 , characterized in that the layer of 

25 organic material comprises organic semiconductor material surrounded by insulating organic 
material at least at the area of the switching elements. 

7. A display device as claimed in claim 1 , characterized in that the substrate has a 
polarizing effect. 
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